Strongly peaked impurity density profiles have been observed in Alcator C after frozen hydrogen pellet injection. More recent experiments in ASDEX, PBX, TEXT, JET, and TFTR have exhibited similar impurity accumulation during regimes of improved confinement. In this context, we present calculations of the neoclassically predicted equilibrium profiles of the intrinsic impurities in Alcator C. These theoretical calculations were performed for comparison with the experimentally determined peaked profiles observed after pellet fueling. Profiles of the main impurities in Alcator, carbon (C) and molybdenum (Mo), were measured using soft x-ray diagnostics. C exists in the plateau collisionality regime, and its transport is dominated by collisions with the hydrogen background ions and temperature gradient effects. Mo is in the Pfirsch-Schliiter regime, and it is driven mostly by collisions with C inside r/a ~ 0.25 and temperature gradients outside this radius. The rigorous multi-ion, mixed regime calculation necessary for the Mo transport is shown here. The predicted C profile is in excellent agreement with observation, and the profile predicted for Mo (which is not as close to equilibrium as C) is in fair agreement with observation.
Introduction
It is well known that transport processes in tokamaks have generally been measured to be anomalous. However, those discharges in the Alcator C tokamak with frozen fuel pellets injected into the plasma showed enhanced energy confinement [1] and strongly peaked, nearly neo-classical impurity density profiles [2] . More recent experiments on ASDEX [3] [4] [5] , TEXT [6, 7] , JET [8] and TFTR [9] have also demonstrated impurity peaking on axis following the injection of frozen hydrogen pellets or the transition to other improved confinement regimes. Similarly, Z-dependent impurity accumulation, in general agreement with estimates of neoclassical transport, has been measured during neutral-beam-heated H mode discharges in PBX [10, 11] . Furthermore, heavy impurity peaking in improved confinement modes in ASDEX has been accurately modelled using a neoclassical model [4] , and light impurity peaking in high density discharges can also be explained by neoclassical models [5] . In this light, we outline the calculations of the predicted equilibrium impurity profiles for Alcator C using the neoclassical theory given by Hirshman and Sigmar [12] , which has also been used by TFR [13] and ASDEX [4] .
The transport of ions in the source-free central region of a tokamak plasma can be described theoretically by the simple expression of particle conservation -±+v -r= 0, (1) Ot where r is the flux of ions across the magnetic flux surfaces and n is the particle density.
For the case of one impurity, the neoclassical impurity fluxes from Ref. [12] In Alcator C (R=0.64 m, a=0.165 m) the main intrinsic impurities were carbon (C) and molybdenum (Mo). In the particular deuterium gas discharge considered here the experimental conditions were (see Fig. 3 of Ref. This letter is organized as follows. In Section 2 we briefly describe the calculation of the equilibrium profile for C. In Section 3, we describe the multi-ion, mixed regime calculation for the equilibrium profile of Mo. Conclusions are given in Section 4. In the Appendices, the required details of the neoclassical calculation are summarized for completeness.
Carbon
The equilibrium carbon density profile can be found simply by setting the radial flux equal to zero, using Equation (3) for the flux since C is in the plateau regime. Then __n_ nD On 1 1.
This has the solution n;(r) n(0)
which is similar to the original result of Braginskii [15a] and Taylor [15b] . However Taylor assumed a flat temperature profile, in which case the C profile would not derive any additional peaking from temperature gradients. Note that if C were in the Pfirsch-Schliiter regime, the result for the C profile would be, from Equation (4), and recalling p = nT,
In contrast to the result of Eq. (9), this would give temperature screening (i.e., a negative temperature gradient causes a flatter C profile) instead of the temperature peaking implied by Eq. (9).
Molybdenum
The Mo impurity in Alcator C cannot be simply treated with the expressions (2)- (4) valid for one impurity frictioning on the main ion, because the Mo transport is dominated by effects from C [2] , another impurity. In their review of neoclassical impurity transport,
Hirshman and Sigmar include a rigorous expression including multi-ion effects (see Eq.
6.129 of Ref [12] ). When this expression is applied to Mo, we obtain the flux
The L coefficients are given in terms of the plasma parameters in Appendix A. The subscript I represents the dominant impurity (C), and the subscript T represents the trace impurity (Mo). All ion temperatures have been assumed to be the same.
Setting the radial trace impurity flux, Fpsj, to zero gives
Now the Mo density equilibrium profile is easily obtained in terms of the equilibrium carbon density, the deuterium density and the temperature profiles ) r which, using Eq. (9), has as an approximate solution
Note from Eq. (15) that the Mo peaking is driven by the C profile, which is itself peaked. 
In this expression A(r)
= -(Li + L 2 )/L T,
Conclusions
The neoclassical theory for impurity transport predicts equilibrium density profiles more peaked than the electron density profile. In the case of mildly collisional carbon, in the plateau regime, the prediction is given by Eq. (9). For carbon this relation gives excellent agreement with the experimental observations [2] . For highly collisional molybdenum, in the trace impurity limit and in the Pfirsch-Schhiter regime, an exact form for the profiles is given by Eq. (13) and a simplified prediction is given by Eq. (15) with A(r) shown in 
Appendix C. Outline of Calculation of Fluxes in Transitional Collisionality Regimes
It is shown in [12] that in general all three regime contributions to the flux F 1 E (nj Ug -V4), driven by the friction Rj, must be kept. From toroidal momentum balance ejF = (Reo
ejTs + ejrFf + ejrFL (C.1)
where F = RB4. (Note that each piece is individually ambipolar which can be useful to know in mixed collisionality regimes.) From parallel momentum balance, to lowest order
which can be used to write
B(B 2 )
It was shown (cf. [12] ) that (B-V.
) rises in the banana regime, peaks in the plateau and evanesces in the P.S. regime (where 9 j is collisionally isotropized, but we note [17] that 7rj can have contributions from unlike species collisions.)
In an impure plasma the P.S. flux (first term on right in (C.1)) is evidently driven by the poloidal variation of R which can be shown 
